We present a density functional theory (DFT) study on the reactivity of bis and tris (1,3-dithiole) TTF 1-4 by using B3LYP/6-31G (d,p) level. The possible electrophile and nucleophile attacking sites of the title compounds is identified using MEP surface plot study. Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy gaps were calculated to explain the frontier molecular orbitals and to predict the quantum chemical descriptors. Local reactivity properties have been investigated using average local ionization energies and Fukui functions. Natural Bond Orbital analysis was computed and possible transitions were correlated with the electronic transitions. The calculated first hyperpolarizability (β 0 ) of bis and tris (1,3-dithiole) TTF molecules, indicates that investigated molecules might have not the NLO applications.
INTRODUCTION
The tetrathiafulvalene (TTF) derivatives are one kind of organic semiconductors that have been paid considerable attention as potential charge transfer materials in organic electronic devices in recent years [1] [2] [3] [4] [5] . They have been widely explored in both materials and supramolecular chemistry 6 . The π-electron donor tetrathiafulvalene (TTF) and its derivatives have been studied extensively for their use in a variety of applications such as organic metals and superconductors 7 , Langmuir-Blodgett films 8 , molecular sensors 9 , non-linear optics 10 , field effect transistors 11 and photovoltaics 10 .
Density functional theory based on the Becke's three parameter hybrid exchange functional combined with the Lee e Yang e Parr non-local correlation function level of theory displays good achievement on the characterization of the organic molecules [12] [13] [14] as a consequence of the recovering of the electron correlation in the self-consistent Kohn e Sham procedure throughout the electron density functions [15] [16] [17] .
The present research work predominantly focused on the computational study of bis and tris (1,3-dithiole) TTF 1-4 reported in literature 18 by DFT/B3LYP method within 6-31G (d,p) basis set. The optimized structural parameters such as bond lengths, bond angles and dihedral angles have been computed using the same method cited above. The global reactivity descriptors, namely, hardness (η), chemical potential (µ) and electrophilicity index (ω) are also calculated to understand the reactive nature of the investigated compounds. Fukui functions are determined to predict the reactive sites in these molecules. In addition the
RESULTS AND DISCUSSION

Molecular Geometry
The optimized structural parameters such as bond lengths, bond angles and dihedral angles of bis and tris (1,3-dithiole) TTF 1-4 are determined by theoretical B3LYP method with 6-31G (d,p) basis set and presented in Tables 1-4 in accordance with the atom numbering scheme as given in Figure 1 . (27, 8, 28) 125.444 D (10, 7, 23, 24) 128.525 R(13,16) 1.083 A (7, 10, 12) 122.462 D (10, 7, 23, 25) 14.070 R(13,34) 1.756 A (14, 13, 34) 117.694 D (27, 7, 23, 1) 72.330 R(15,32) 1.355 A (16, 13, 34) 117.401 D (27, 8, 9, 11) 179.991 R(15,34) 1.789 A (34, 15, 35) 112.921 D (9, 8, 28, 20) 179.803 R(18,21) 1.083 A (21, 18, 31) 117.059 D (34, 13, 14, 17) 179.950 R(18,31) 1.761 A (4, 32, 15) 130.874 D (32, 15, 34, 13) 179.722 R(32,33) 1.088 A (13, 34, 15) 95.816 D (30, 20, 28, 8) 179.945 (23, 7, 19, 20) 34.986 R(13,28) 1.773 A (14, 13, 30) 128.006 D (19, 7, 23, 8) 177.556 R(13,30) 1.503 A (17, 16, 38) 128.105 D (24, 8, 9, 10) 179.753 R(15,27) 1.364 A (1, 19, 20) 110.142 D (9, 8, 24, 18) 171.027 R(15,28) 1.787 A (4, 27, 15) 126.311 D (23, 8, 24, 50) 172.444 R (19, 20) 
Molecular Electrostatic Potential (MEP)
The MEP is a very useful feature to study reactivity given that an approaching electrophile will be attracted to negative regions (the electron distribution in where effect is dominant). In the majority of the MEPs, while the maximum negative region which preferred site for electrophilic attack indications as red color, the maximum positive region which preferred site for nucleophilic attack symptoms as blue color. The importance of MEP lies in the fact that it simultaneously displays molecular size, shape as well as positive, negative and neutral electrostatic potential (MEP) of bis and tris (1,3-dithiole) TTF 1-4 is calculated by B3LYP/6-31G (d,p) and shown in Figure 2 . The MEP is a plot of electrostatic potential mapped onto the constant electron density surface. The different values of the electrostatic potential at the surface are represented by different colors. Potential increases in the order red < orange < yellow < green < blue.
As observed from the figure 2 that, in all molecules, the regions exhibiting the negative electrostatic potential are localized near the thiophene spacer units while the regions presenting the positive potential are localized vicinity of the hydrogen atoms and alkyl groups. 
Frontier Molecular Orbitals (FMOs)
The properties of the frontier molecular orbitals (FMOs) like energy are very applied for physicists and chemists. The electron densities of these FMOs were used for predicting the most reactive position in π-electron systems and also explained several types of reaction in conjugated system 20 . Moreover, eigen values of the lowest unoccupied molecular orbital (LUMO) and the highest occupied molecular orbital (HOMO) and their energy gap reflect the chemical reactivity of the molecule. Recently the energy gap between HOMO and LUMO has been used to prove the bioactivity from intramolecular charge transfer (ICT) 21, 22 . The HOMO-LUMO energy gap for the studied compounds were calculated by B3LYP/6-31G (d,p) method. The HOMO-1, HOMO, LUMO and LUMO+1 picture of compound 3 with a small energy gap is shown in Figure 3 . 
Global Reactivity Descriptors
Based on the energies of the frontier molecular orbitals, various chemical reactivity descriptors such as electronegativity (χ), chemical potential (µ), chemical hardness (η), global softness (S) and global electrophilicity index (ω) [23] [24] [25] [26] [27] were proposed for understanding the different pharmacological aspects of drug molecules. These descriptors are calculated using equations given below:
The chemical hardness is a measure of the resistance to charge transference 28 , while the electronegativity is a measure of the tendency to attract electrons in a chemical bond, as is defined as the negative of the chemical potential in DFT 28 . The electrophilicity index (ω) contains information about both electron transfer (chemical potential) and stability (hardness) and is a better descriptor of global chemical reactivity. For the studied compounds, the chemical reactivity descriptors are computed by B3LYP/6-31G (d,p) method and given in Table 5 . The compound which have the lowest energetic gap is the compound 3 (∆E gap = 3.123 eV). This lower gap allows it to be the softest molecule. The compound that has the highest energy gap is the compound 2 (∆E gap = 3.759 eV).The compound that has the highest HOMO energy is the compound 4 (E HOMO = -4.165 eV). This higher energy allows it to be the best electron donor. The compound that has the lowest LUMO energy is the compound 3 (E LUMO = -1.226 eV) which signifies that it can be the best electron acceptor. The two properties like I (potential ionization) and A (affinity) are so important, the determination of these two properties allow us to calculate the absolute electronegativity (χ) and the absolute hardness (η). These two parameters are related to the one-electron orbital energies of the HOMO and LUMO respectively. Compound 4 has lowest value of the potential ionization (I = 4.165 eV), so that will be the better electron donor. Compound 3 has the largest value of the affinity (A = 1.226 eV), so it is the better electron acceptor. The parameters of local reactivity descriptors show that 4C, 8C, 36C and 52C are the more reactive sites in compounds 1, 2, 3 and 4 respectively for nucleophilic attacks. The more reactive sites for electrophilic attacks are 28C, 24C, 23C and 19C for compounds 1, 2, 3 and 4 respectively. The more reactive sites in radical attacks are 4C, 17C, for compounds 1, 2 respectively and 7C for the both compounds 3 and 4.
Natural Bond Orbital Analysis (NBO)
A useful aspect of the NBO method is that it gives information about intra and intermolecular bonding and interactions among bonds and also provides a convenient basis for investigating the interactions in both filled and virtual orbital spaces along with charge transfer and conjugative interactions in molecular system. Some electron donor orbital, acceptor orbital and the interacting stabilization energies resulting from the second-order micro-disturbance theory are reported 31, 32 .The large value of second order stabilization energy (E (2) ) shows that the more donating tendency from electron donors to electron acceptors and the greater the extent of conjugation of the whole system 33 . In order to characterize the intra and intermolecular interactions quantitatively, a secondorder perturbation theory is applied that gives the energy lowering associated with such interactions. For each donor NBO(i) and acceptor NBO(j), stabilization energy (E (2) ) associated with electron delocalization between donor and acceptor is estimated by an equation as 34, 35 .
where q i is the donor orbital occupancy; ε i , ε j are orbital energies of donor and acceptor NBO orbitals, respectively; F ij is the off-diagonal Fock or Kohn-Sham matrix element. The results of second-order perturbation theory analysis of the Fock Matrix of bis and tris (1,3-dithiole) TTF 1-4 at B3LYP/6-31G (d,p) level of theory are presented in Tables 8-11 . The intra molecular interaction for the title compounds is formed by the orbital overlap between: π (C3-C4) and π*(C15-C32) for compound 1, π (C8-C9) and π*(C18-C24) for compound 2, π (C3-C4) and π*(C15-C30) for compound 3 and π (C18-C22) and π*(C8-C9) for compound 4 respectively, which result into intermolecular charge transfer (ICT) causing stabilization of the system. The intra molecular hyper conjugative interactions of π (C3-C4) to π*(C15-C32) for compound 1, π (C8-C9) to π*(C18-C24) for compound 2, π (C3-C4) to π*(C15-C30) for compound 3 and π (C18-C22) to π*(C8-C9) for compound 4 lead to highest stabilization of 19.23, 17.18, 19 .83 and 11.87 kJ mol -1 respectively. In case of LP(2) S34 orbital to the π*(C13-C14) for compound 1, LP(2) S22 orbital to π*(C1-C2) for compound 2, LP(2) S39 orbital to π*(C34-C35) for compound 3, LP(2) S21 orbital to π*(C8-C9) for compound 4 respectively, show the stabilization energy of 22 
Nonlinear Optical Properties (NLO)
NLO techniques are considered as one among the most structure sensitive method to study molecular structure and assemblies since the potential or organic materials for NLO device have been proven. Organic molecules able to manipulate photonic signals efficiently are of importance in technologies such as optical communication, optical computing, and dynamic image processing 36 . DFT has been extensively used as an effective method to investigate NLO properties of organic materials. In order to gain insight into NLO property of title compound, the first static hyperpolarizability (β) were calculated by the finite field perturbation method in vacuum as well as incorporating the solvent factors with increasing polarity. First hyperpolarizability is a third rank tensor that can be described by a 3×3×3 matrix. The 27 components of the 3D-matrix can be reduced to 10 components due to the Kleinman symmetry 37 . The components of β are defined as the coefficients in the Taylor series expansion of the energy in the external electric field. When the external electric field is weak and homogeneous this expansion becomes: where E 0 is the energy of the unperturbed molecules, F i the field at the origin and µ i , α ij , β ijk and γ ijkl are the components of dipole moment, polarizability, and the first hyperpolarizability respectively. Using the x, y and z components of β obtained from Gaussian 09 output, the magnitude of the mean first hyperpolarizability tensor can be calculated.
The total static dipole moment is   
The first static hyperpolarizability (β 0 ) and its related properties of title compounds have been computed using B3LYP/6-31G (d,p) level based on finite field approach and shown in Table 12 . -33 e.s.u.). The calculated values of dipole moment (µ tot ) for the title compounds were found to be 1.3313, 2.4175, 2.2149 and 3.1873 D respectively, which are approximately three times than to the value for urea (µ = 1.3732 D). Urea is one of the prototypical molecules used in the study of the NLO properties of molecular systems. Therefore, it has been used frequently as a threshold value for comparative purposes. 
CONCLUSION
In this investigation we reported a detailed theoretical study of bis and tris (1,3- 
